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. * • • * 

CLAIM AMENDMENTS: 

Claims 1-30. (Canceled) 

31. (Presented previohisly) A process for the stereospedfic polymerization of 
an alpha^lefin, comprising polymerizing at least one alpha-olefin in the presence of a catalyst 
conq>osition» optionally in the presence of one or more activators, undor polyroerizaticni 
conditions, wherm the catalyst composition is formed fiom a mixture which comprises: 

(1) a liganddiaracterized by the foUowing general fonoiula: 




wherein R is characterized by the general formula: 




wherein E is eith^ carbon or nitrogen, 

and are substituents on the ring at a position ortho to E» with and aie 
independently selected fiom the group consisting of alkyl. substituted alk^, cycloalkyl. 
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substituted cycloalkyl, aryl, substituted ai^d and silyl, but provided that Q* and are not both 
methyl; 

Q", tq>resents additional possible substituoits on the ring, viifb q being 1, 2. 3, 4ar S and 
Q" being selected from the group consisting of hydrogen, alkyl, substituted aOcyl, cycIoallQrl, 
substituted cycloalkyl. hetwoalkyl. substituted hetooaUg^ heterocycloalkyi, substituted 
hetercycloalkyl. arji. substituted aiyl. heteroaiyl. substituted hgbaouyl, allmxyt. arjdoxyl, silyi, 
hmyU pbosphino. amino, diio, seleno, halic^ nitro, and combinations thereof 

T is a bridging group selected group consisting of -CR'R^ and -SiR^R^ wiA R' selected 
from the groiq> consisting of hydrogen, aOcyl, substituted alky^ cycloalkyl, substituted 
qnsloalkyl, heteroalkj^ substituted hetooalkyl. h^oocycloalkyi, substituted hetercycloalkyl, 
aryl, substituted aryl, heteroaiyl, substituted hetcroaryl, alkoxyl, aiyloxyl, sUyl, boiyl, phosphino, 
amino, thio, seleno, halide, nitro, and combinations thereof; R' selected fiom flie group 
consisting of aryl, substituted a^^ beteroar^, and substituted heteroaiyl; and provided that R* is 
different fiom R^; 

J" is selected fiom the groiq> consisting of heteroaiyl and substituted heteroar^ 
(2) a metal precursor coinpound characterized T>y ihc general formula M(L)n wherein 
M is cither bafiiium or zirconium and each L is indepadently selected torn the group consisting 
of halide. alkyl, substituted aOcyl, cycloalkyl, substituted cycloalkyl. heteroalkyl, substituted 
heteroalkyi, heterocyctealkyl, substituted heterocycloalkyi. aryl. substituted aryl, heteroaryi, 
substituted hetcroaryl, alkoxy, aiyloxy, hydroxy, boryl, silyl. amino, amine, hydrido, aUyl. diene. 
seleno. phosphino. phosphine. caiboxylates. thio. U-dionates. oxalates, caibonates. nitrates. 
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sulphates, ethers, tfaioethers and ccmbmations thmof or optionally two or more L groups are 
joined into aring structure; n is 1, 2» 3, 4, or 6; and 
(3) optionally, at least <»ie activator. 

32. (Origmal) Tlie process of claim 31» wherein said alpha olefin is propylene. 

33. (Previously presented) The process . of claim 31, iurth^ comprising 
providing a reactor with at least one polymerizable monomer and providing the catalyst 
composition or-mixture to said reactor. 

34. (Original) Isotactic polypropylene produced by polymerization of prop^ene with 
die aid of a catalyst fhat comprises Hf or Zr in a soluticm polymerization process, wherein the 
tacticity index value of the polypropylene does not vary by more than 0.1 whra the temperature 
of the solution process is varied from a ienq[>erahire below 90**C to a temperature above 1 OO^C. 

I, 35. (Previously presented) Isotactic polypropylene produced by polymerization of 
propylene with the aid of a catalyst that comprises Hf or Zr in a solution polymerization process, 
wherein the melting point of tfie polypropylene does not vary by more than lO^C when the 
temperature of the solution process is varied firom a temperature below 90*^0 to a temperature 
above lOOPC. 
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36. (Previously presented) Isotactic polypropylene produced by polymerization of 
pbpylene with the aid of a catalyst that conqirises Hf or Zr in a solution polymerization process, 
wherein the tffliperature of (he sohition process is at least llOX and the polyprop^ene has a 
weight average molecular wei^t of at least 100,000. 

37. (Qriginal) The isotactic polypropylene of ddier of claims 34 or 35, wherrai said 
solution process is operated at a temperatuie at or above 1 1 O^C. 

38. (Previously presented) The isotactic polypropylene of either of claims 34, 35 or 
36, wherein said catalyst is formed from a composition comprising: 

(1) a ligand characterized by the following general formula: 




wherein is characterized by the general formula: 




wherein E is either carbon or nitrogen. 
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and are substituents on the ring at a position ordio to E, wiA Q' and are 
indqiendmtly selected fix>m the groiq> consisting of aOcyl, substituted alkyl, cycloalkyl, 
substituted cycloaOcyl, ar^ substituted aryl and silyl^ but provided that and are not both 
methyl; 

Q% rq>resents additional possible substituents on the ring, with q being 1, 2» 3» 4 or 5 and 
Q"* being selected from die group consisting of hydrogen, alkyU substituted alk^ cycloall^l, 
substituted cycloaDcyl, heteroalkyl, substituted heteroalkyl, heterocycloalkyl, substituted 
heteroycloalkyl, azyl, substituted aiyl, heteroaryl, substituted heteroaryl, alkoxyl, aryloxyl, silyl, 
boiyl, phosphino, amino, fhio, seleno, halide, nitro, and combinations thereof; 

T is a brid^g group selected group consisting of -CR^R^- and -SiR^R^- with R^ selected 
from the gforxp consisting of hydrogen, alkyl, substituted allcyl, cycloalkyl, substituted 
cycloalkyi, heteroalkyl, substituted beteroaQcyl, heterocycloalkjd, substituted hetoeycloidkyt 
BiyU substituted aryl, heteroaryl, substituted heteroaryl, alkoxyl, aryloxyl, silyl, boryl, phosphino, 
amino, tfaio, seleno, haUde; nitro, and combinations thereof; R^ selected from the groiq> 
consisting of aryl, substituted aryl, heteroaryl, aiul substituted heteroaryl; and provided that R' is 
different from R^; 

r is selected from the group consisting of heteroaryl and substituted heteroaryl; 

(2) a metal precursor conq)ound characterized by the general formula M(LXi wherein 
M is either hafiiium or zirconium and each L is independently selected from the group consisting 
of halide, alky], substituted alkyl, cycloalkyl, substituted cycloalkyl, heteroalkyl, substituted 
heteroaUcyl, heterocycloalkyl, substituted heterocycloalkyl, aiyl, substituted aryl, heteroaryl. 
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substituted heteroaiyl, alkoxy, aiyloxy, hydroxy, bory!, silyl, amino, amine, hydrido, allyl, dicne, 
seleno, phosphino, phosphine^ carboxylates, thio, 1,3-dionates, oxalates, caibonates, nitrates, 
sulphates, ethers, fhioethets and combinations thotof ot optionally two or more L groups are 
joined into a ring structure; n is 1, 2, 3, 4, 5, or 6; and 
(3) optionally, at least one activator. 

39* (Previously Presented) The isotactic polypropylene ofeiflierbfclaims 34, 35 or 
36, wherein said catalyst is formed from a composition comprising: 
(1) a ligand characterized by the formula: ^ 




wherein each of R\ and R^ is independently selected from the group consisting of 
hydrogen, aikyl, substituted alkyl,* cycloallgrl, substituted cycloalkyl, heteroaUc)i substituted 
heteroaHcyl, heterocycloalkyl, substituted hetercycloalkyl, aryl, substituted aryl, hcteroaryl, 
substituted hcteroaryl, alkoxyl, aryloxyl, silyl, boiyl. phosphino, amino, thio, seleno, halidc, 
nitro, and combinations thereof; and optionally, any combination of R^ R^ k\ R*, R^ R* or R^ 
may be joined together in a ring structure; 

(2) a metal precursor compound characterized by the general fonnulaM(L)„w 
M is either hafiuum or zirconium and each L is independently selected from the group consisting 
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of balide, aDcyl, substituted alkyl, cycloalkyU substituted cycloalk^, heteroalkyl, substituted 
heteroalkyl» heten>cycIoallcyI» substituted heterocycloalkyl, aryl» substituted aryl, heteroar^ 
substituted heteroaiy]. alkoxy, aryloxy, hydroxy, boiyl» silyl, amino, amine, hydrido, all^, diene, 
seIeno» phosphino, pho^hine, carboxylates, tfaio» 1,3-dionates, oxalates^ caibonates, nitrates, 
sulphates, ^hers, thio^ers and combinations th^eof or optionally two or more L ffovp& are 
joined into a ring structure n is 1 , 2» 3, 4, 5, or 6; and 
(3) optionally, at least one activator, 

40. (Previously Presented) The isotactic polypropylene of of claims 34» 35 or 
36, whoein said catalyst is formed fiom a composition of comprising: 
(1) a ligand characterized by the general formula: 




such that E is carbon and wherein Q^, and are indc^radently selected fiom the 
group consisting of hydrogen, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyi, 
heteroalkyi, substituted heteroalkyl, heterocycloalkyl, substituted hetcrcycloalkyl, aryl, 
substimted aryl, hetaoaryl, substituted heteroaryl, alkoxyl, aiyloxyl, silyl, boryl, phosphino. 
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ammo, duo, seloK), nitro, and combinations thereof, optionally two or more of Q', and are 
joined together in a ring stxucture; 

(2) a metal precursor con^und chaiactoized by the general fonnula M(L)n whevdn 
M is eiflier hafiiiam or zirconium and each L is indepmdently selected from the group consisting 
of halide, alk)i, substituted alkyl, cycIoaOcyl, substituted cycloalkyl, heteroalk^ substituted 
heteroali^l, heterocycloaik^, substituted heterocycloalkyl, azyl, substituted aryl, hetoroaiyl, 
substituted heteroaiyi» alkoxy» aiyloxy» hydroxy, boiyl, silyl, amino, amine, hydrido, aUyl, diene, 
selenOi phosphino. phoq}h]ne, carboxylates, thio, l,3*dionates, oxalates, carbonates, nitrates, 
su^bate^ ethers, thioediers and combinations thereof or optionally two or more L groups are 
joined into a riiig structure; n is 1 , 2, 3, 4, 5, or 6; ai»l 

(3) optionally, at least one activator. 

4h (Previously presented) Ihe tsotactic polypropylene of either of claims 34, 35 or 
36, wherdn said catalyst is formed fix>m a con^sition comprising: 
(1) - a ligand characterized by flie general formula: 



-9- 



AppUcation. No. lOHlO^SO 
Applicants: Thomas R. BOUSSIE aA 




. such that T is -CRV- and wherein R*^ R", R^^ and R^^ are each independently selected fiom 
die group consisting of hydrogen^ halide» aO^l, substituted alkyl, cycloaU^l^ substituted 
cycIoalk)i» heteroaOcyl. substituted heteroalkyl, heterocycloalkyl, substituted hetercycloaUcyl, 
aryi, substituted aryl, heteroaryl^ substituted heteroaiyl, alkoxy, aryloxy, silyl, boryl, phosphino. 
amino* thio, seleno. nitro, and combinations thereof; optionally, two or more R^^ R", R^^ and 
R'^ groi9>5 may be joined to fomi a fused ring system having fiom 3-50 non-hydrogen atoms; 
and R^^ is selected from the group consisting of hydrogo, alkyl, substituted alkyl, cycloalkyl, 
substinited cycloalk}^ heteroalkyi, substimted heterbalkyl» h^mcycloalkyl, substituted 
hetacycloalkyl, aiyl, substituted aryl, heteroaryl, substituted heteroaiyU alkoxy, aij^oxy. silyl, 
boxyl, phosphino» amino, tfaio, seleno^ halide» nitro, and combinations tfimof; 

(2) a metal precursor compound characterized by the genial formula M (LXi wheidn 
M is either hafiiium or zirconium and eadi L is indq)endently selected from the group consisting 
of halide, alkyl^ substituted alkyl, cycloalkyl, substituted cycloalkyU heteioalkyl, substttuled 
heteroalk^ heterocycloalkyU substituted heterocycloaIkyl» aryl, substituted aryl, heteroaryl. 
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substituted hcteioaryl, alkoxy, aiyloxy, hydroxy, boryl, silyl, amino, anune, hydrido, all^ diene, 
seleno, phosphino, phosphinc, carboxylates, thio. U3-dionatcs, oxalates, carbonates, nitrates^ 
sulphates, ethers, thiocthers and combinations fliereof or optionally two or more L groups are 
joined into a ring structure; n is 1 , 2, 3 , 4, 5, or 6; and 
(3) optionally, at least one activator. 

42. (Previously Presented) The isotactic polypropylene of either of claims 34, 35 or 
36, wherein said catalyst is formed from a composition comprising: 
(1) a ligand of the formula 




such that E is carbon and wherein Q^. and are indq>endently selected from the group 
consisting of hydrogen, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, heteroalkyl, 
substituted hctcroalkyl, heterocycloalkyl, substituted hetcrcycloalkyi, arjd, subsrituted aryl, 
hctcroaryl, substituted heteroaryl, aOcoxyl, aryloxyl, silyl, boryl, phosphino, amino, thio, seleno. 
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nitio, and combinations tbocof; optionally two or more of Q^, Q' and arc joined together in a 
ring structure; 

(2) a metal precursor compound characterized by flie general formula M(L)n wherein 
M is other hafiiium or zirconium and each L is indq)endently selected fiom the group consisting 
of halide, aD^, substituted alkyl. cycloalk^ substituted cycloaDcjd, heteroalkyl substituted 
heteroalkyl, hetcrocycloalkyl, substituted heterocycloalkyl, aryl, substituted aryU heteroar)^ 
substituted hetcroaryl. alkoxy, aryloxy. hydroxy, boryl silyl, amino, amine, hydrido, aDyl, dicne, 
selmo, phosphino, pho^hine, carboxylatcs, tiiio. 1,3-dionates, oxalates, carijonates, nitrates, 
sulphates, ethers, Ifaioethers and combinations thereof or optioiialfy two or more L groups are 
joined into a ring structure; n is 1, 2, 3, 4, S, or 6; and 

(3) q>tionally, at least one activator. 

43, (Previously presented) The isotactic polypropylene of either of claims 34, 35 or 
36, wherein said catalyst comprises ha&iunL 

44. ^*reviously presented) The isotactic polypropylene of either of claims 34, 35 or 
36, wherrin said catalyst is formed fiom a composition comprising: 

(1) a metal-ligand complex characterized by the following formula: 
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^iieran R is characterized by the general formula: 

wherein E is either carbon or nitrogen; 

and Q' are substituents on the ring at a position ortho to E, with and being 
independently selected fibm the group consisting of alkyl, substituted alkyl, cydoaDQrl, 
substituted cycloalkyl, aryi» substituted aryl and sil^, but provided that Q' and are not both 
methyl; 

Q**q rqnresents additional possible substituents on the ripg, with q bdng 1 » 2» 3» 4 or 5 and 
Q'' bdng selected fiom the group consisting of hydrogen, aDcyl, substituted alkyl, cycloalkyl, 
substituted cycloalkyl, hctcroalkyl, substituted h^eroalkyl, heterocycloalkyi, substituted 
hetercydoalkyl, aryl, substituted aryU heteroaryl, substituted heteroaryl, aIkoxyl» aryloxyl, silyl, 
boryl, phosphino, amino, thio, seleno, halide» nitro, and combinations thereof; 
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T is a bridgiiig group selected groixp consisting of -CR^R^- and -SiR^R^- with R^ selected 
from the gfGop consisting of hydrogen, alkyl, substituted alkyi, cycloalkyl, substituted 
cycloalkyl, h^oaU^l, substituted heteroalkyl» heteiocycloalkjd, substituted hetacycloalkyi, 
aod» substituted axyl, heteroaryl, substituted heteroaryl, alkoxyl, aryloxyl, silyl, boryl, phosphino, 
amino* thio, sele&o» halide^ nitio, and combinations thereof; R^ selected from the groi^ 
consistbg of aiyl» substituted aiyl» beteroaryl, and substituted heteroary^ and piovided fliat R^ is 
different from R^ 

r is selected from tte groiq> consisting of heteroaiyl and substituted hetexoaryl; 

eadi L is independently selected fitnn the group consisting of halide» alkyl, substituted 
alkyL cycloalky], substituted cycloalkyl, heteroaDcyl, substituted heteroalkyt heterocycloalkyl, 
substituted heterocycloalkyl, aryl» substituted aryl, heteroaryl» substituted heteroaryi, alkoxy, 
aryloxy» hydroxy, boiyl, sOylp amino, amine, hydride, allyl, diene, seleno, phosphino, phosphine, 
caiboxylates, thio, 1,3-dionates, oxalates, carbonates, nitrates, sulphates, ethm, ^oethers and 
cQmbmabons thereof or optionally two or mtae L grotq>s are joined into a ring structure; n is 1, 
2, 3, 4, S, or 6; and x is 1; 

(2) a metal precursor compound characterized by the general formula M(L)ti wherein 
M is either hafiiium or zirconium and each L is independently selected from the groiq> consisting 
of halide, alkyl, substituted aOcyl, cycloalkyl, substituted cydoalkyl, heteroalkyl, substituted 
heteroaOcyl, heterocycloalkyl, substituted heterocycloalkyl, aryl, substituted aryl, heteroaryl, 
substituted heteroaryl, alkoxy, aryloxy, hydroxy, boryl, silyl, amino, amine, hydrido, allyl, diene, 
seleno, phosphino, phosphine, carboxylates, thio, 13-dionates, oxalates, carbonates, nitrates, 
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sulphates* ethers, thioethers and combinations thereof or optionally two w more L groiq^ are 
joined mto a ring structure; n is 1, 2, 3, 4, 5, or 6; and 
(3) optionally, at least one activator. 

45. (Previously presented) The isotactic pol)propylene of either of claims 34, 35 or 
36, wherein said catalyst is foimed from a composition comprising: 
(1) a metal conq)]ex having the ibnnula: 




wherein each of R^ R^ and R^ is indq)endently selected ftom the group consistbg of 
hydrogra, aDcj^, substituted alkyi, cycloalkyl, substituted cycloalkyi, heteroalkyl, substituted 
heteroalkyi, heterocycloalkyl, substituted hetcrcycloalkyl, aryl, substituted aiyl, heteioaryl, 
substituted heteioaryl, alkoxyl, aryloxyl, silyl, boryl, phosphino, ammo, thio, seleno, haltde, 
nitro, and combinations thereof and optionally, any combination of R^ R^, r\ R^ ;r\ R^ or R^ 
may be joined together in a ring structure; 

(2) a metal precursor compound characterized by the general formula M(L)tt wherein 
M is either hafiiium or rirconium and each L is independently selected from the group consisting 
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of halide. alkyl, substituted alkyl, cydoalkyl, substituted cycloalkyl, heteroalkyl, substituted 
heten>alk)4, heterocycloalkyl^ substituted hetaocycloalky!, aryl, substituted aryl» heteioaryl» 
substituted h^eroaryl, alkoxy» aryioxy» hydroxy, boryl> silyl, amino, amine, hydrido, allyl» diene, 
seleno, phosphino, phosphine, caiboxylates, thio^ l^*dionates, oxalates, carbonates, nitrates, 
sulphates, ethos, thioethers and combinations thereof or optionally two or more L groups are 
joined into aring stnirture; n is 1, 2, 3, 4, S,or 6; and 
(3) optionally, at least one activator. 

46. ^ireviously presented) The isotactic polypropylene of either of claims 34, 35 or 
36, wherrin said catalyst is fonned fimn a conqx>sition comprism 
(1) a metal complex having the formula: 

9^ 




such that E is carbon and wheiein Q', and Q* are iodcpoidently selected firom the 
groiqi consisting of hydrogen, alkyl, substituted alkyl, cycloall^l, substituted cyc)oalk>i, 
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beteioallc]^, substituted heteroalkyi, heterocycloalkyi, substituted hetercycloaIkyl» ar^, 
substituted aryl, beteroaryl, substituted heteroaiyl, alkoxyl, arylox}1, silyl, beryl, phosphino^ 
amino, thio» seleno, nitro, and combinations theieof; optionally two oc more of and Q"^ are 
joined together in a ring structure; 

(2) a metal precursor compound characterized by the gmeral formula M(L)n wherein 
M is either hafiiium or zirconium and each L is independently selected fiom the group consisting 
of halide, alkyl, substituted aDcyl, cycloalkyl, substituted Q^loalkyl, hetooalkyl, substituted 
heteroalkyl, heterocycloalk^ substituted hctcrocycloalkyl, aryl, substituted aryl, heteroaryt 
substituted heteroar^, alkoxy» aryloxy, hydroxy, boryi, silyl, amino, amine, b)^do, allyl, diene, 
seleno, phosphino, phosphme, carbox^ates, thio, 1,3-dionates, oxalates, carbonates, nitrates, 
sulphates, ethers, thioethers ami combinations Qiereof or optionally two or more L groups are 
joined into a ring structure n is 1 , 2, 3, 4, S, or 6; and 

(3) optionally, at least one activates. 

47. (Previously presated) He isotactic polypropylene of cither of claims 34, 35 or 
3,6» wherein said catalyst is formed from a composition comprising: 

(1) a metal conq)lex, whoein said complex is characterized by the formula: 
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such that T is -CR^R^- and wherein R'^ R", R" and R" are each indq>endently selected fiom 
the group consisting of hydrogen, halide» alkyl, substituted alkyl, cycloalkyU substituted 
. cycloalkyl, heteroalkyU substituted heteroaIkyl» heterocycloalkyl, substituted heleicycloaUcyl, 
ar^. substituted aryl» hetooar^ substituted heteroaryU aOcoxy, aiyloxy, silyl, boryl, phosphino, 
amino* ^o, seleno, nitro» and combinations thereof; optionally, two or more R'^ R", R'^ and 
R" groins may be joined to form a fiised ring systCTi having from 3-50 non-hydrogen atoms; 
and 

R^^ is selected from the group consisting of hydrogoi, alkyl. substituted alkyl. cycloaQcyl, 
substituted cycloaDcyl, heteroall^I, substituted heteroalkyl, heterocycloalkyl, substituted 
hetercycloalk^, aryl, substituted aryl, heteroaryl, substituted heteroaryl, aOcoxy, aryloxy, silyl, 
bor^, phosphinOi amino, tfaio, seleno, halide, nitro, and combinations thereof; 

^) a metal precursor conq>ound characterized by die general formida M(L)n wherein 
M is eidier hafiiium or zirconium and each L is indq>endently selected fix>m the group consisting 
of halide, alkyl, substituted alkyl, cycloalkyl, substituted cycIoaDcyl, heteroalkyl, substituted 
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heteroaUcyl, heterocycloalkylt substituted heterocycloalkyl, aryl» substituted aryl, heteroaiyl, 
substituted hctaoaiy!, alkoxy, axyloxy, hydroxy, boryl. 5il>1, amino, amine, hydrido. aUyl, diene, 
seleno^ phosphino, phoqpbine, caiboxylates, tfaio, M^onates, oxalates, caitonates» nitrates, 
sulphates, ethers, tfaioelhOT and combmations thereof or optionally two or more L groups are 
joined into aring structure; n is 1, 2, 3, 4, 5, or 6; and 
(3) optionidlly, at least one activator. 

48. (Previously presented) The isotactic polypropylene of either of claims 34, 35 or 
36, whoein said catalyst is formed fiom a composition comprising: 

(1) a metal complex, whmin said complex is characterized by the gen^ formula: 




such that E is carbon and wherein Q^, and are independently selected from the 
group consisting of hydrogen, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl. 
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heteroalkyl, substituted heteroalkyU beterocycloalkyl, substituted heteicycloaOcyl. aryt» 
substituted aryl» heteroaryl, substituted heteroaiyl, alkoxyl, aiyloxyl^ silyl^ beryl, phosphino, 
amino. Mo, seleno, nitro, and combinations thereof optionally two or more of Q^, and are 
joined togetfaor in a ring structure; 

(2) a metal precursor compound characterized by the general formula M(L)a wherein 
M is either hafiiium or zirconium and each L is indq>endently selected firom the group consisting 
of halide, alk}4, substituted aDcyl, cycloalkyl, substituted cycloalkyl. heteroalkji, substituted 
h^eroalkyt, heterocycloalkyl, substituted hetmcycloalkyl, aiyl, substituted aiyU hetmaryU 
substituted heteroai^ alkoxy, aiyloxy, hydroxy, boryl, silyl, amino, amine, hydrido, ally}, dirae, 
seleno, phosphino, phosphine, caibox^ates, thio, 1,3-dionates, oxalates, cari)onates, nitrates, 
sulphates, ethers, thioethers and combinations thereof or optionally two or more L groups are 
joined into a ring structure; n is 1, 2, 3, 4, S, or 6; and 

(3) optionally, at least one activator* 

49. (Previously Presented) The isotactic polyprpp^ene of either of claims 34» 3S or 36, 
wherein said catalyst is foimed firom a composition comprising: 
(1) a metal complex characterized by the formula: 
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where M is zirconium or hafat ii^ ; 

wherein R' is characterized by die general formula: 




V 



wherein £ is either caibon or mtrogra, 

Q' and are subsdtuents on die ring at a position orfho to E, with Q' and are 
indepwidently selected from Oie group consisting of alfcji, substituted alkyi, tycloaUqd, 
substituted cycloalkyi, aryl, substituted aryl and silyl, but provided that Q' and are not both 
njeajyl; 

Q", rqwesents additional possible substituoits on the ring, with q being 1, 2, 3, 4 or 5 and 
Q" being selected from the group consisting of hydrogen, alkjl, substituted alkyI, cycloalkyi, 
substituted cycloalkyi, hetooaOcyl, substituted heteroalkyl. heterocycloalkyl, substituted 
hetercycloaDcyl, aryl, substituted aiyl, heteroaryl, substituted heteroaiyl, alkoxyl, arylox>i, silyl, 
boi3^ phosphino, amino, thio, seleno; halide, nitro, and combinations tfiereof, 
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T is a bridging group selected group consisting of *CR^R^- and -SiR^R^- ^th R^ selected 
fiom tbe group consisting of hydrogen, alkyl, substituted alkyl, cycloaDcyl, substituted 
cycloalkyl. hctcroalkyi. substituted heteroaDqfl, heterocycloalkyU substituted hctercycloalkyl» 
aiyl, substituted aryl, heteroar^ substituted heteroaryl, aDcoxyl. aryloxyl, silyl, boiyl, phosphim^ 
amino, thio, selrao, halide, nitro, and combinations thereof; R^ selected fiom tbe groi^ 
conasting of aryl, substituted aryl, beteroaryl, and substituted heteroaiyl; mi provided Oat R' is 
diffemitfiDmR^ 

r being selected fiom the group of substituted hetm)aiyls with 2 atoms bonded to tbe 
metal M, at least one of those 2 atoms being a hrteroatom, and with one atom of P" is bonded to 
M via a dadve bond, the other throu^ a covalent bond; and 

and are indqiendently selected fiom the group consisting of halide, alky!, 
substituted aDcyl, cycloalkyi, substituted cycloalkyl, heteroalkyl, substituted hetcroalkyl, . 
hetCTocycloalkyi, substituted heterocycloalkyl, arjd, substituted aryl, hetcroaryl, substituted 
hctcroaryl, alkoxy. aiyloxy, hydroxy, boryl, silyl, amino, amine, hydrido, allyl, diene, selcno. 
phosphino, phosphinc, carbpxylates, thio, l,3*dionates, oxalates, caibonates, nitrates, sulphates, 
ethm, thioethers and combinations Amof or optionally the two L groups arc joined into a ring 
stnictur^ 

(2) a metal precursor compound characterized by the general formula M(L)„ wherein 
M is either hafiuum or znconium and each L is independently selected from the group consisting 
of halide, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, heteroalkyl, substituted 
heteroalkyl, het^oc^loalkyl, substituted heterocycloalkyl, aryl, substituted aryl, hetcroaryl. 
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substituted heteroaryl. alkoxy, axyloxy. hydroxy, boiyl. siH araino. amine, hydrido. aUyl, dienc» 
scleno, phosphino, phosphine, carboxylates, thio, 1,3-dionates, oxalates, carbonates, nitrates, 
sulphates, ethers, thioethers and combinations thereof Or optionally two or more L groups are 
joined into a ring structure; n is 1 , 2, 3, 4, S, or 6; and 
(3) optionally, at least one activator. 

50. (Previously Presented) The isotactic polypropylene of cither of claims 34, 35 or 
36, wherein said catalyst is formed from a conq>osition comprising: 
(1) a metal complex charact^ed by the formula: 




wherein each of , and R^ is independently selected from the group consisting of 
hydrogen, aBcyl, substituted alkyl, cycloaDcji, sabstituted cycloalkyl. heteroalkyl, substituted 
heteroallcyl, heterocycloalkyl, substituted hetercycloalkyl, aryl, substituted aiyl, heteroaiyl, 
substituted hcteroaryl, alkoxyl. aiyioxyl, silyl, boiyl. pbosphino, amino, tMo, seloio, halide, 
nitro, and combinations thereof; and optionally, any combination of R', R', R', R*, r', or R« may 
be joined together in a ring structure; and 
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E" is either cait>on or nitrogen and is part of a cyclic zryl, substituted aryl, heteioaryl, or 
substituted heteroaryl group; 

(2) a metal precursor compound diaractoized by the general formula M(L)„ wherein 
M is dtfier hafiuum or zirconium and each L is independently selected fiom the group consisting 
of halide, aflcyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, heteroalkyl, substituted 
heteroaIkyl» heterocycloalkyl, substituted heterocycloalkyl, azyl, substituted sryl. heteroarji 
substituted heteroaryl, aDcoxy, aryloxy, hydroxy, bwyl, silyl, amino, amine, hydrido, allyl. dirae, 
seleno; phosphino, phosphine, caiboxylates, thio, l^-dionates, oxalates, carbonates, nitrates, 
sulphates, ethers, thioethers and combinations thereof or optionally two or more L groups are 
joined into aring structure; n is 1, 2,. 3, 4, 5, or 6; and 

(3) optionally, at least one activator. 

51. (Previously presated) The isotactic polypropylene of either of claims 34, 35 or 
36, wherein said catalyst is formed fix>m a composition comprisixig: 

(1) a m^ complex, wherein said complex is characterized by the formula: 




-24- 



Application. No. 10/720^0 
Applicants: Thomas R, BOUSSIE er a/. 

wherdn R'^ R", R'^ and R^' arc each independently selected from the group consisting 
of hydrogen, halide» alkyl, substituted alkyl, cycloalkyi, substituted cycIoaIkyl» heteioalk^, 
substituted beteroalkyl, heterocycloaIkyI» substituted hetercycloallcyl, ar^, substituted aryl, 
beteroaryl, substituted heteroar^ alkoxy, aiyloxy, silyl, boryl» phosphino, amino» tfaio, seleno. 
nitro, and combinations thereof; optionally, two or more R*^ R"» R^^ and R^^ groups may be 
joined to fomi a ftsed ring system having fiom 3-SO non-hydrogen atoms; 

(2) a m^ precurscH- compound characterized by the gaeral formula M(L)h wheran 
M is either hafiuum or zirconium and each L is independently selected fiom the group consisting 
of halide, alkyl, substituted alk^, cycloalkyl, substituted cycloalkyl, heteroalkyl, substituted 
heteroatkyi, heteroeycloalkyl, substituted heterocycloaOcyl, aryl substituted aryl, heteroaryU 
substituted heteroaryl, alkoxy, aryloxy, hydroxy, boryi, silyl, amino, amine, hydrido, dOyl, diene, 
seleno, phosphino, phosphin^ carboxylates, thio, 1,3-dionates, oxalates, carbonates, nitrates, 
sulphates, ethers, tfaioetbm and combinations thoreof or optionally two or more L groiq>s are 
joined into a ring structure; n is 1, 2, 3, 4, 5, or 6; and 

(3) optionally, at least one activator. 

S2. (Previously presented) The isotactic polyprq)ylene of either of claims 34, 35 or 
36, wherdn said Catalyst is formed from a con^sition comprising: 

(I) a metal complex, wherein said complex is cbaractoized by the formula: 
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wherdn and are independently selected torn the group consisting of hydrogen, 
alk]^, substituted aOg^ cycloalkyl, substituted cycloalkyl, heteroalkyl, substituted hetooalkyl, 
heterocycloallcyl, substituted hetercycloalkyl, aiyl, substituted aiyl, hetooaryU substituted 
beteroaiyl, alkoxyl, aryloxyl, silyl, boryl^ phosphino, amino, tfaio, seleno, nitro, and combinations 
thereof^ or optionally, two of Q^, and are joined together in a ring structure; 

(2) a metal precursor compound characterized by the general formula M(L)a wherein 
M is either hafiiium or tirconium and each L is indq>endentiy selected from the group consisting 
of halide, alky], subistituted aOcyl, cycloalk^, substituted cycloalkyl, hetmalkyl, substituted 
heteroalkyl, heterocycloaDcyl, substituted heterocycloalkyl, aryl, substituted aryl, heteioaiyl, 
substituted heteroaryl» alkoxy, aryloxy, hydroxy, boryl, silyl. amino, amine, hydrido, all^ diene, 
seleno, phosphino, phosphine, carboxylates, thio, 1,3-dionates, oxalates, carbonates, nitrates, 
sulphates, ethers, thioethm and combinations thereof or optionally two or more L groups are 
joined into a ring structure, n is 1, 2, 3, 4, 5, or 6; and 
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(3) optionally, at lea^t one activator. 

53. (Original) A process for polymerizing propylene to crystalline polypropylene in a 
solution process, comimsing contacting propyloie monomer with a catalyst conqniang a mrtal- 
ligand complex combined with an activator, combination of activators or activating technique, 
wherein at least (»e of said.acti'vatora is a groiq) 13 reagent and said m^-ligand complex is 
dumterized by tiie formula: 




where M ia areomum or hafhinm; 

L', L', and L' are indqiendently selected fiom the ffoup consisting of halide, alkyi, 
substituted alkyl, cycloalkyl, substituted cydoalkyl, heteroalkyl, substituted hetcroaDcyl. 
hetaocycloalkyl, substituted beterocycloalkyi, aiyl, substituted aiyl, heteroaryl, substituted 
heteroaiyl, alkoxy, aryloxy, hydroxy, boryl. sUyl, amino, amine, hydrido, aUyl, diene, seleno, 
phosphino, phoqihine, carboxylates, thio, l^-dionates, oxalates, carbonatesi nitrates, sulphates, 
ethers, thioediers and combinations diereof or optionally two or more L groups are joined into a 
nog structure; 
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is selected from the group consisting of 2,6-( IV)2-C6H3S 2-Pr^-6-Mc-C6H3-; 2,6-Etr 
CdHj-; or2-sec-butyl-6-Et-C<H3S 

T is a bridgpig group selected groiq) consisting of -Ol^R^- and -SiR^^- 
R^ is selected from the group consisting of ary] and substituted aryl; 
• R^.K*.R^ and R* are hydrogen; 
cither R'^ R", R", R", are each hydrogen; or one or more of R'^ R", R'^ R" are 
methyl, fluoro, trifluoromethyl, methoxy, or dimethylamino; or R^^ and R" are joined to form a 
benzene ring and R^^ and R'^ are each hydn>g»; and 
Ri4 is eitfier hydrogm or methyl 

54. (Origina]} A process for polymerizing propylene to crystalline polypropylene in a 
solution process* comprising contacting propylene monomer with a catalyst comprising a metal- 
ligand complex combined with an activator, combination of activators or activating technique, 
wherdn at least one of said activators is a group 13 reagent and said metal-ligand complex is 
diaracterized by the formula: 
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where M is ziiconium or hafiniun; 

L and V are independent^ selected fiom the group consisting of halide, alkyl, 
substituted aUcyl, cycloaDcyl, substituted cycloalkyl, hetcroalkyl, substituted heteroaDcyl 
heterocycloalkyl, substituted heterocycloalk^ dxyi, substituted aryl» heten>ar>i, substituted 
heteroaoi aBcoxy, aryloxy, hydroxy, boryl, silyl. amino* amine, hydrido, allyl, diene, selrao, 
phosphino, phosphine, caibox>1ates, thio, l.3-dioiiates. oxalates, carbonates, nitrates, sulphates, 
ethers, thioethers and combinations thereof or q>tionaUy the two L groups are joined into a ring 
structure; 

R' is selected fiom the group consisting of 2,6{Pr^)2-C6H3-; 2-Pr^-6-Me-C6H3-; 2.6-Etr 
C6H3-; or 2-sec-butyl-6-Et-C6H3S 

T is a bridging group selected groiq> consisting of -CR^R'- and -SiR^R^-; 
R^ is selected from the group consisting of aryl and substituted aiyl; 
R^ R\ R^ and R* arc hydrogen; and 
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either R"^ R", R" , R", are each hydrogen; or one or more of R", R", R". R'^ are 
meihjl, fluoro, trifloorometfayl, methoxy, or dimethylamino; or R*^ and R^^ are joined to form a 
benzene ring and R^^ and R^^ are each hydxogea 

55. (Previously presrated) The process of claim 3 1 , wherein R^ is hydrogen. 

56. (Previously presented) The process of claim 31, wherein eadi of R^ , R^ and R^ is 
hydrogen. 

57. (Previously presented) The process of claim 56, wherein R' is selected from the 
group consisting of benzyl, phn^ n^thyl, 2-bipheny], 2-dimethylaminophenyU 2- 
medsoxyphenyl, anfliracen^ mesityl^ 2-pyrid^, 3,5-dimethyipheny!» o-tolyl, and phenanthrenyL 

58. (Previously presated) The process of claim 57» wherein and are both 
isoprqp^; or botfi elfa^; or both sec^butyl; or Q} is methyl and is isopropy^ or is ethyl and 

is sec-butyl 

59. (Previously presented) The process of claim 58, wherein R" R", R'^, R", are 
each hydrogen; or one or more of R'^ R'*, R'^ are methyl, fluoro, trifluoromethyl, medioxy, 
or dimediylamino; or R^^ and R'^ are joined to fomi a benzene ring and R*^ and R*^ are each 
hydrogen. 



-30- 



Application. No. 10/720^80 
Applicants: Thomas R. BOUSSIE et al. 

60. (Previously presentetQ The process of claim 31, whaein ead» of and R* is 
IqrdrogA and R^ is eitbor hydrogen or is joined to R^ to fomi a fused ling ^tem. 

61. (Previously presented) The process of claim 31, wherein R' is selected from the 
group cCTsistii^ of benzjd, photyl, nq>hft>i, 2-biphdi^ 2-dimediylaniinop)ieayl. 2> 
methoxyphenyl, aotbncen^ mesit}4, 2-pyiidyl, 3,5^ed^henyt o-toly( andphenanthrenyL 

61. (Previously presentetQ The process of claim 31, wherein Q' and are. 
indqjendently, selected fiom the poup consisting of -CH2R", -CHR"r" and methyl, provided 
that not both Q' and are methyl, wherein R" is selected from the group consisting of aDcyl, 
substituted aUcyl, aiyl and substituted aiyl; R'^ and R" are independentty sdected from the group 
consisjting of alk^ substituted alkyl, aryl and substituted ar^; and optionally R'* and R" are 
jomed together in a ring structure having from 3-50 non-hydrogen atoms. 

i. 63. (Previously jmsented) Tlie process ofclaim 62, whminQ^.Q^, and are each 
hydrogen and Q' and are both isopropyl; or both ethyl; or both see-but^; or Q' is methyl and 
is tsopnqiyl; w QMs ethyl and is sec4nityL 
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64. (Previously presented) The process of claim 31» wherein R' or the variables Q\ 
Q^* Q\ and are chosen so that (he moiety is selected from the group consisting of 2.6- 
O^-CsHr: 2-W^Me^3-; 2.6-EtrC6H3S and 2-scc-butyl^Et.C6H3-. 

65. (Previously presmted) The process of claim 65, wherein R^ is aryl, substituted 
aryl, heteroaryl or substituted heteroaryL 

66. (Curroitly amended) The process of claim 65, wherein R^ is selected from the 
group consisting of phenyl, [napfli^] naphfliyL mesityl, anthracenyl and phenantfarenyL 

67. (Cunently amended) The [proess] process of claim 34, wherein R'°, R", R", r'^ 
are each hydrogen; or one or more of R'®, R", R" , r" are methyl, fluoro, trifluorometh^ 
medioxy, or dimetfaylamino; or R^^ and R' ^ are joined to form a benzene ring and R'^ and R^^ are 
each hydrogen. 

68. (Previously presented) The process of claim 32, wherein two or more of R^ rV 
R^ and R^ aie joined to fomi a fused ring system having from 3*50 non-hydrogen atoms in 
addition to the pyridine ring and/or R\ R^ and R^ are each indepmdently select 

consisting of alkyl, ar}4, halide, alkoxy, aryloxy, amino, and thio. 
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69. O^ouslypresated) The pnwessofclaim 34. wherein and R'** are joined to 
fonn a ring system having fixmi 5-50 non-hydrogen atoms. 



70. (CunrenUy amended) The process of Claim 54 wincfa further comprises 

pobTOorie n tionprooesa. and recovering isotactic polypropylen e, wherein the procesg « i»ah is 
characterized hy in that when the temperature of the process is varied fiom a temperature below 
9CrC to a temperature above KXfC, a tacticity index value of the recovered isnfurrift 
po^Yprppl^ff **«^ does not vary by more than 0.1 when the t e mpcraturo of the oolntion 
proo e na ia varied from a tonipcwituio below IXTC to a t e mperatur e above 1 00^& and srfaehja - 
ohamotcriged^y a meMng point ^Mbkk of fee recovered iso tactic oolvDropvlene does wnt vary Ky 
more than 10°C nrium Hm timipnmf»>« ii,^ nnh i fi nn pr nor m i n ym p A fr o m n t oiup o jm uie buluw 
9 0°C to tt temperature above 100*C. 



71. (Cuiiendy amended) The process of Claim 54 which further comprises 

pylcno in the preoonoo of g ootalyet that oompricos Ilf or Zr in a solution 
polymerization proeono, and recovering isotactic polypropylene having a weidit avaage 
molecular weiefat of at least lOQ.QOO. whe rein the nmcess w ta«4» is characterized by Isotaoti e 
t)y polymoriBation of propylene wifli the with the aid of a oatolyat th tf 
' in tt colution polymorieotion prooocs, whoroin intfaa^ the melting point of the 
polypropylene does not vary by more than lO'C whoi the tsmpexatan of the solution pnjcess is 
varied fiom a temperature below 90X to a temperature above lOCC and the pol>propylono hoa 
n matfA^ r'TTgr mtilftiTi i lnr ■nrit h t of n t l o oot 100,000 . 




72. (Currently amended) A process for producing isotactic polypropylene comprising 
polymerizing propylene, in the presraice of a polymerization catalyst that comprises Hf or Zr, 
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under solution polymerization process conditions including a temperature of (be solution process, 
whioh 10 varied from q tcanporaturc bolow 90^C to a tcsmpcrature above 100X,a nd producing a . 
polyprop^ene which is characterized by a tacticity index value which does not vary by more 
dian 0. 1 when the temoCTature of the solution process is varied from a temperature bdcw 9(yC 
to a tqnperature above lOQ^C. 

73. (Cunrently stoended) A polymerization process for producing isotactic 
polypropylene, con^sing polymerizing propylene, m the presence of a c^alyst that con^ses 
Hf or Zr. under sohition polymerization process conditions including a tenqmature b e low 90^*0 
to 0 tompcimture pbovo 1 OO^ C of ttie solution process, and producing polypropylene which is 
characterized by a melting point which does not vary by more Uian lO^'C when the temperatures 
of Ifae solution process is varied from a temperature below 90X to a temperature above lOO^C. 

74. (Previously presented) A process for producing isotactic polypropylene 
compridng polymerizmg prq>ylene» in the presence of a catalyst that comprises Hf or Zr, under 
solution polymerization process conditions incIudiQg a tonperature of at least 1 lO^C and 
producing polypropylene which has a wdgjit average molecular weight of at least 1 00.(KX). 

75. (Piously presented) A process for produdng isotactic polypropyloe of ddier 
of claims 34 or 35» wherein said solution process is operated at a temperature at or above 1 lO^C. 
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